ABSTRACT
INTRODUCTION
Ginkgo biloba has been a popular remedy in traditional Chinese medicine for over 4000 years, and it has been a common herbal medicine in Europe since the 1730's (1) . The Ginkgo tree, the only existing tree in the family Ginkgoaceae, is the world's oldest living tree and is thus sometimes referred to as a "living fossil" (2) . Ginkgo trees are now widely planted in China, Japan, Korea, France, Germany, and the United States for both ornamental and medicinal purposes.
Several human diseases have been associated with the overproduction of reactive oxygen species (ROS) and subsequently various antioxidants emerged as potential therapeutic agents that scavenge ROS. Free radical reactions are associated with a range of degenerative diseases and acute ischemic insults affecting liver and other tissues (3) . The free radicalmediated hepatotoxicity can be effectively managed by administration of such agents.
Kuo, et al. (4) demonstrated that Ginkgo biloba extract competitively inhibited rat hepatic microsomal CYP1A-mediated enzyme activity, as determined by experiments performed on extracts containing known amounts of terpene trilactones and ginkgo flavonol glycosides. The mechanism of action of Ginkgo biloba is not known. However, it appears to possess antioxidant activity (5) . The present study was undertaken to investigate chemical composition of various Ginkgo biloba extracts and to evaluate their hepatoprotective activity through scavenging peroxynitrite formation and antioxidant activity.
MATERIALS & METHODS

Plant material:
Leaves samples of Ginkgo biloba (Ginkgoaceae) were collected in May (2005) from tree cultivated in Orman garden, Giza, Egypt. All leaves were washed then air dried in shade at room temperature for 5-7 days, grinded to fine powder and kept for phytochemical analysis.
Plant extracts:
50 g of the air-dried powdered leaves of Ginkgo biloba were extracted separately by percolation in three different solvents. The first solvent was ethanol 70% (Et), the second solvent was ethyl acetate (EA) and the third one was water (W). All extracts were filtered, then freeze dried.
General phytochemical screening:
Preliminary phytochemical tests were carried out on the different Ginkgo biloba leaves extracts. Carbohydrates and/or glycosides, flavonoids, saponins, sterols and/or triterpens, and phenolic compounds were tested according the methods described by Lewis and Smith (6) , (14) and the inhibition percentage of the DPPH
Geissman
• by the samples was calculated according to the formula described by Yen and Duh (15) as follows: % Inhibition = [(Ac (0) -Ac (t)) /Ac (0)] × 100 Where: Ac (0) was the absorbance of the control at t = 0 min and Ac (t) was the absorbance of the antioxidant, which varied with the different content.
Superoxide radical scavenging activity by various Ginkgo biloba extracts was determined according to Chung, et al. (16) .
Determination of thiobarbituric acid (MDA):
Lipid peroxidation was measured in the liver according to the method of Burits and Bucar (17) .
Experimental animals:
Forty male Sprague -Dawley rats (175-200g) were housed in the animal house of Research Institute of Ophthalmology. The rats were kept under normal laboratory conditions for two weeks before commencing the experiments.
Route of administration:
Animals were divided into five groups (each group eight rats). Group one represents the negative control, which administered 10% di-methyle sulphoxide (DMSO). Group two represents the positive control, which administered a single oral dose of carbon tetrachloride (CCl 4 ) (1:1 in liquid paraffin + 10 % DMSO) to induce liver damage. The single dose was equal 2.0 ml/kg body weight. Groups three, four and five were given with ethanolic, ethyl acetate, and water extracts (100mg/kg/body weight) respectively for 14 days. After six hrs from the last dose of extracts, all groups except group one were administered with a single oral dose of CCl 4 
RESULTS
Preliminary
Chemical analysis of the different Ginkgo biloba leaves extracts:
The obtained data in table (2) showed that the percentage of tannins and saponins compounds were (2.19%, 0.59%, 1.48%) and (1.05%, 0.29%, 0.89%) based on the dry weight, respectively for the ethanolic, ethyl acetate, and water extracts. While the percentage of flavonoids and phenolic compounds were (1.55%, 1.49%, 0.98%) and (2.59%, 1.98%, 1.58 %) based on the dry weight, respectively for the ethanol 70%, ethyl acetate, and water extracts. The highest concentration of tannins, saponins, flavonoids and phenolic compounds were found in the ethanolic extract. All determinations based on the dry weight.
Antioxidant activity of the different
Ginkgo biloba extracts according to the DPPH radical scavenging method:- Table ( 3) shows that rutin (standard) is superior inhibitor of DPPH
• compared to Ginkgo biloba leaf extracts and gave high percentage inhibition 82.40 % and 91.27 % for 50, 100 µg/ml. The results in table (3) show that the decrease in absorbance of DPPH
• radical concerning to all extracts compared with rutin standard. While water extracts showed more decrease in the inhibition effect for all concentrations than other extracts. Table ( 4) shows that ethanolic and ethyl acetate extracts of Ginkgo biloba leaves showed a good free radical scavenging activity. The activities were increased by increasing the concentration of the extract. The highest superoxide scavenging activity was observed with Et followed by EA extract, and finally the water extract. 
Anti-Hyperlipidemic Activity of the different Ginkgo biloba Extracts:-
Data in table (6) show a high antihyperlipidemic activity of various Ginkgo biloba extracts, the highest effect was observed in the group administrated with the Et extract, followed by EA extract and finally by the water extract. On the other hand, the lowest decrease in the lipid profile was observed in the group administered with the Et extract compared with the other two extracts. The obtained data in table (7) show that the Ginkgo biloba extracts caused a significant decrease in the AST and ALT activity compared to the positive control, the same trend was observed with the ALP activity . In addition, the activity of antioxidant enzymes (GSH-PX and SOD) ) and also nitric oxide were decreased after administration of different Ginkgo biloba extracts. 
DISCUSSION
Ginkgo biloba leaves were used in traditional Chinese medicine, and now grows throughout the world. This popular herbal medicine is extracted from the fan-shaped leaves of the ancient Ginkgo biloba tree. (34) , so it was used as a standard in this study. The data of the current study suggested that all Ginkgo biloba extracts have superoxide scavenging activity. The most scavenging activity was observed in the Et extract followed by EA extract and lastly the W extract. This may be depends on the flavonoids content of these extracts. The higher flavonoids content the higher scavenging activity. This data was in agreement with Sudheesh and Vijayalakshmi (35) , who showed that fractions rich in flavonoids obtained from Punica granatum extracts have potential antiperoxidative effect.
The obtained data of table (5) revealed that the highest decrease in the FBG compared with the positive control was observed in the animal administrated with the ethanolic extract. This may be due to the effect of Ginkgo biloba on the stimulation of glucose uptake or the activation of insulin receptor as reported by Pinakini, et al., (36) . There were no significant changes in the total protein concentrations in the groups administrated with the different extracts. . Administration of CCl 4 causes oxidative damage through free-radical generation. In the present study, the rats were administered with a single oral dose of CCl 4 to induce liver damage and the rats were killed after 72 hours from the administration of CCl 4 . This time is enough to generate a high amount of free radicals and as a result, the activity of antioxidant enzymes increased to overcome these high amounts of free radicals. The liver damage in the positive control was evidenced by an elevation in the serum maker enzymes (table 7) , namely AST, ALT, and ALP as reported by Johnson and Kroening (40) .Also, administrations of CCl 4 cased a significant increase in the activities of the antioxidant enzymes such as GSH-PX, SOD and GST in the blood (table 7) as well as in the liver. In the present study the crude ethanol, ethyl acetate and water extracts were evaluated for the protective effect against liver damage induced by CCl 4 in rats. The data revealed that Ginkgo biloba extracts has decreased the levels of the previous enzymes in the blood but the levels did not reach the normal values, which indicate hepatoprotective activity of these extracts. The most significant decrease in these enzymes was observed in the rats administrated with the Et extract. In addition to the previous results, administration with the Et extract decreased the activities of SOD and GSHPX enzymes in the blood as well as in the liver more than the other extracts. Generally, the administration of the different extracts showed an improvement in the activities of different antioxidant enzymes. Based on these results, it is clear that the inhibitory effect of Et extract of Ginkgo biloba leaves showed the highest inhibitory effect on these enzymes. This may be partly due to its action as free radical scavenger and its ability to chelate ions responsible for the promotion of lipid peroxidation. Moreover, treatment with Et of Ginkgo biloba leaves before CCl 4 treatment offered considerable protection to liver as evidenced from the levels of biochemical parameters.
In another explanation, the inhibitory effects of Ginkgo biloba extracts on rat hepatic enzyme activity may be due to the inhibition by the flavonoids (kaempferol and quercetin) that detect chemically in Ginkgo biloba. Kuo, et al. (41) found that isorhamnetin is a potent inhibitor of rat hepatic microsomal CYP1A. Kaempferol, quercetin, and isorhamnetin all have multiple hydroxyl groups. This result is consistent with the idea that flavonoids possessing hydroxyl groups tend to be inhibitors of these enzymes (42) . Kaempferol has a hydrogen atom and isorhamnetin has a methoxy group, whereas quercetin has a hydroxyl group. Thus, it appears that a hydroxyl renders the flavonol molecule less potent with respect to the inhibition of rat hepatic enzymes. In addition to the flavonoids, Ginkgo biloba extracts are known to contain many other chemicals, including carbohydrates and/or glycosides as shown in table (1) . The results in the current study suggested that glycoside may be decrease the inhibitory effect on ALP, GHS PX, GST, and SOD as reported in tables (7,8). Based on these results of the phytochemical analysis of Ginkgo biloba leaves, it was observed that the highest concentration of glycosides and flavonoids found in the ethanolic extract, which recorded the best results for the in vivo inhibition of rat hepatic enzyme activity.
Nitric oxide (NO) is a free radical with many well-known physiological functions; one these are its abilities to act as either a cytoprotective or a cytotoxic agent (43) . It is accepted that the difference between the protective and the deleterious effects of this free radical is determined both by concentration and time of exposure and by cell type (44) . The effect of Ginkgo biloba extract a on the NO production was studies by Varga, et al.
(45) . They found that Ginkgo biloba directly acts as a NO scavenger and concomitantly inhibits the expression of iNOS mRNA. Thus, Ginkgo biloba may act as a potent inhibitor of NO production under the condition of ischemia/reperfusion, improving the recovery of post-ischemic cardiac function. These results showed the lowest decrease in nitric oxide level had been observed in rats administrated with Et extract, then the E.A extract and finally with the water extract. This may be due to the inhibitory effect of Ginkgo flavonoids on the inducible nitric oxide synthetase and scavenge peroxynitrite formation.
In conclusion: the Et extract of Ginkgo biloba has the highest activity against lipid peroxidation and free radical scavenging effect compared to that of ethyl acetate and the water extracts. In addition, it has the most protective activity against liver injury caused by CCl 4 administration. Moreover, it was the most effective extract on the NO. This may be due to its high contents of antioxidant compounds and flavonoids compared to the other two extracts. Finally, the present study can say that Ginkgo biloba has a very wide range of pharmacological actions. 
